INTRODUCTION
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In sublittoral communities, herbivory is one of the most important mechanisms determining macrophyte species abundance and distribution (Cyr & Pace 1993 , Burkepile & Hay 2006 . In particular, depth gradients in herbivory can strongly contribute to the vertical distribution of macrophytes in both temperate and tropical systems by limiting the downward distribution of species (Witman 1987 , Morrison 1988 ). Consumer pressure is usually lowest at shallow, wave exposed locations, because wave impact and extreme water movement reduce the feeding ability and survival of most mobile consumers (Witman & Dayton 2001) . Conversely, herbivore pressure is often greatest a few metres below the surface and decreases thereafter with depth (Hay et al. 1983 ). Thus, some zones along the depth gradient of rocky shores represent refuges from consumers, and such spatial heterogeneity in herbivory can strongly contribute to the regional diversity of macrophytes (Milchunas & Noy-Meir 2002) . This spatial escape from consumers protects algae from the negative effects of herbivory (Lubchenco & Gaines 1981) . In contrast, macrophytes that do not succeed in escaping herbivores defend themselves against consumers via either resistance mechanisms (i.e. chemical deterrents and structural defences) or tolerance strategies (e.g. compensatory growth and activation of dormant meristems) (Lubchenco & Gaines 1981) .
The Mediterranean Sea is essentially a tideless sea (tidal range: 30 to 40 cm), and consequently sea level varies more as a result of irregular changes in barometric pressure or the direction and force of the wind than as a result of tidal action (Feldmann 1937 , Ballesteros & Romero 1988 . Despite this narrow tidal range, algal communities are distributed in strikingly marked vertical zonation patterns (Ballesteros 1992) , which are largely determined by multiple depth-dependent physical factors such as light, hydrodynamism and availability of nutrients (Zabala & Ballesteros 1989 . Biotic factors such as recruitment and species interactions are also important in structuring algal communities (Airoldi 2000 , Micheli et al. 2005 . In particular, herbivores play a major role in the organization of the Mediterranean sublittoral zone (Ruitton et al. 2000) . Sea urchins have dramatically altered the underwater seascape by replacing erect algal assemblages with coralline barren grounds in many areas and contribute most to the decline of palatable algae (Hereu 2006) . Despite such examples of the overarching effect of herbivores on benthic assemblages, there is only limited evidence of grazing directly influencing vertical algal zonation in the Mediterranean Sea (Benedetti-Cecchi et al. 2000) . This lack of evidence is particularly surprising as both fish and urchin herbivory varies bathymetrically in a highly predictable manner, with maximum values occurring in shallow waters (Verlaque 1990 , Chelazzi et al. 1997 , Tomas et al. 2005 .
The genus Cystoseira C. Agardh (Fucales, Phaeophyceae) is particularly well represented in the Mediterranean Sea (32 species from a total of 47; Guiry & Guiry 2008) . Mediterranean Cystoseira spp. form highly prominent canopies that are in many ways analogous to the kelp forests of other temperate rocky coasts (Feldmann 1937 , Giaccone 1973 , Ballesteros et al. 1998 . Cystoseira forests provide a unique system in which to test the effects of herbivory on algal zonation, since they are distributed along the entire sublittoral zone, with different species dominating the canopy at various bathymetric levels from the sea surface interface to the upper circalittoral zone (0 to 50 m depth) (Giaccone & Bruni 1973 , Sant 2003 . Many members of the genus Cystoseira are considered foundation species (sensu Dayton 1972) , and depletion of these populations results in a conspicuous reduction of species diversity over extensive areas (Verlaque 1987a ,b, Boudouresque et al. 1990 . Although the demise of Cystoseira forests due to overgrazing by sea urchins has been well documented (Verlaque 1984 , 1987b , Hereu 2004 ), we know little about the effects of fish herbivory on Cystoseira populations. However, Cystoseira spp. can make up to 60% of the gut contents of the sparid bream Sarpa salpa (Linnaeus), the only true herbivorous fish in the western Mediterranean Sea (Verlaque 1990) , and recent evidence suggests that fishes can have a significant influence on the structuring of Mediterranean sublittoral algal communities (Sala & Boudouresque 1997 , Hereu 2006 .
In the present study, we experimentally tested the role of fish herbivory in determining the depth distribution of Cystoseira forests. We identified 4 distinct habitats arranged along a bathymetric gradient that are characterised by the dominance of different species of Cystoseira: (1) the eulittoral at mean sea level in wave exposed sites, hereafter referred to as 'exposed', (2) the upper sublittoral just below the sea surface at about 0.2 m in wave sheltered sites, referred to as 'sheltered', (3) the shallow sublittoral at about 5 m depth, referred to as 'shallow', and (4) the upper circalittoral at 40 m depth, referred to as 'deep'. We obtained a quantitative profile of the depth distribution of all Cystoseira spp. by measuring their abundance at each of these habitats, and we quantified the density of Sarpa salpa at each habitat. We found 3 habitats where Cystoseira spp. are dominant and fish densities are extremely low (exposed, sheltered and deep), and one habitat where Cystoseira forests coexist with herbivorous fish (shallow). We hypothesized that the exposed, sheltered and deep habitats represent spatial refuges from consumers, and Cystoseira spp. that are exclusively found in these habitats do not invest resources in traits that confer resistance to consumers and are, thus, highly susceptible to being eaten if transplanted to habitats with high herbivore pressure. In contrast, we predicted that Cystoseira spp. found in habitats where herbivorous fish abound would be less susceptible to being eaten. To test this hypothesis, we conducted a series of reciprocal in situ feeding experiments whereby the most abundant species of Cystoseira from exposed, sheltered and deep habitats were placed back in their site of origin and in the nearest shallow habitat with high fish herbivory pressure, and we compared consumption rates between habitats and species. Additionally, we used feeding preference experiments to assess the relative palatability of 2 Cystoseira spp. that co-exist with herbivorous fish.
MATERIALS AND METHODS
Study site. This study was performed in a Marine Protected Area (MPA) located along the north coast of the island of Menorca (Reserva Marina del Nord de Menorca) in the Balearic Islands (NW Mediterranean Sea; Fig. 1 ). This MPA was established in 1999 and covers 5119 ha that consist mostly of rocky bottoms (40%), seagrass meadows (20%) and sandy bottoms (35%) (Ballesteros & Cebrian 2004) . The waters that surround the Balearic Islands are extremely oligotrophic, leading to high water transparency and the presence of communities dominated by erect algae and/or seagrasses to 40 m depth . The 4 habitats at distinct depths characterised by the dominance of different Cystoseira spp. are illustrated in Fig. 2 . The exposed habitat at mean sea level in wave exposed sites (0 m) experiences the highest hydrodynamism and encounters regular emersion as a result of wave movements. The sheltered habitat is found just below the sea surface in wave sheltered areas (0.1 to 0.5 m) and is characterised by calm waters that can reach high temperatures in the summer due to the lack of wave action and low water renewal. The shallow sublittoral habitat at about 5 m depth is characterised by a stable environment and relatively high irradiance levels. The deep habitat is found in the upper circalittoral zone at about 40 m depth; it is located below the summer thermocline and is, thus, characterised by relatively cold waters and low irradiances .
Field surveys. To obtain a profile of the depth distribution of species belonging to the genus Cystoseira, we quantified algal cover using depth transects. In exposed and sheltered shores, the algal cover of all Cystoseira spp. was measured at a range of depths from 0 to 5 m. Specifically, algal cover in exposed shores was measured at 0, 0.2, 0.4, 2 and 5 m. In sheltered shores there were no algae growing at 0 m, and algal cover was measured at 0.2, 0.4, 2 and 5 m. At the deep habitat algal cover was measured at 40 m, and at 5 m in the nearest shallow habitat. Transects were performed in 3 replicate sites for each exposed, sheltered and deep habitat (see Fig. 1 ). We used 25 × 25 cm quadrats subdivided into 25 subquadrats of 5 × 5 cm each and calculated algal cover by counting the number of subquadrats in which a species appeared (Sala & Ballesteros 1997) . Algal cover was measured in 40 random quadrats at all sites and depths except at the deep habitat (40 m), where we used 100 replicate quadrats to compensate for the sparseness of the algal cover at that depth. The most abundant species from each habitat were subsequently used in the reciprocal in situ feeding experiments.
To relate algal distribution to consumer pressure, we quantified the density of the sparid bream Sarpa salpa at each habitat (exposed, sheltered, shallow and deep). S. salpa is the only true herbivorous fish in the NW Mediterranean Sea and is a key consumer of both algae and seagrasses (Verlaque 1990 , Ruitton et al. 2006 , Prado et al. 2007 . S. salpa densities were quantified at each habitat using the stationary point method (Sala & Ballesteros 1997) . The observer remained stationary at a random location and recorded the number of S. salpa individuals in a radius of 10 m during 5 min. Only medium and large sized fish (>15 cm) were counted, and fish counts were replicated 6 times at each site within a period of 2 wk in June. Observers were SCUBA diving in all habitats except at mean sea level in exposed shores (0 m) and at 0.2 m in sheltered shores, where the observer was snorkelling. Fish counts were always performed around noon (10:00 to 15:00 h).
Reciprocal in situ feeding experiments. A series of reciprocal feeding experiments in situ were used to test the hypothesis that fish herbivory influences the habitat distribution of some species of Cystoseira. We used the algal field surveys to identify the most abundant Cystoseira spp. at each habitat (see Fig. 3 ), and the data from the fish surveys to identify those habitats with the highest fish densities. Fish were only found in the shallow habitat (5 m depth, see 'Results -Field surveys'), and we therefore considered that all other habitats represent potential refuges from herbivory. We subsequently performed 3 types of reciprocal in situ feeding experiments, one for each low herbivory habitat (exposed, sheltered and deep). In each reciprocal feeding experiment, algae were placed at 2 depths: one where we found no herbivorous fish (0 m in exposed shores, 0.2 m in sheltered shores and 40 m in deep water) and one where fish were present (shallow habitats at 5 m adjoining each exposed, sheltered and deep site; see schematic representation in Fig. 2) . Each Cystoseira spp. was, thus, translocated back to its original habitat and depth (origin experimental depth) and placed at a depth outside of its natural range of distribution (destination experimental depth). Reciprocal feeding experiments were replicated in 3 separate sites for each exposed, sheltered and deep habitat, using the same sites as in the field surveys (Fig. 1) . The experimental design thus included the following factors: (1) experimental depth (2 levels in all experiments, origin and destination), (2) site (3 levels in all experiments), and (3) species (3 levels in 'exposed': C. stricta, C. compressa and C. balearica; 3 levels in 'sheltered': C. crinita, C. pustulata, C. balearica; 2 levels in 'deep': C. spinosa and C. balearica).
Algae were collected from their respective natural habitats and transported to the laboratory where they were blot-dried, weighed to the nearest 0.1 g wet wt and individually tagged. Special care was taken to collect algae from the holdfast without damaging the thallus. In each experiment, 10 algal specimens of each species were transplanted to a destination experimental depth and 10 algal specimens were translocated back to their origin experimental depth. Translocated specimens were not placed back in their original position, but were instead moved within the original habi-4 Fig. 2 . Cystoseira spp. Schematic representation of the 3 reciprocal in situ feeding experiments performed showing the dominant species at each depth (exposed and sheltered shores and deep waters). Cystoseira spp. found at depths characterised by low fish densities were placed back in their habitat of origin and in the nearest zone at 5 m depth. Species found at depths where fish were abundant were also placed back in their original habitat and in the corresponding contiguous habitat with low fish densities tat and depth. To control for autogenic changes in algal biomass, 10 control specimens for each species were individually protected from herbivores with plastic window-screen mesh cages (3 mm mesh size); these were also transplanted to both their habitat of origin and to an adjacent destination habitat. Very little autogenic change was documented (maximum change of ± 5% initial control biomass). Specimens were transplanted and translocated by haphazardly tethering them to other macrophytes using plastic cable ties. To standardise replicates, we used specimens of similar initial weights for all species. Algal herbivory was calculated by subtracting the change in biomass of a treatment specimen from the change in a paired control specimen (Uncaged -Caged). The experiments were set up in the morning and retrieved after 24 h if clear marks of consumption were observed or after a maximum of 48 h. To ensure that all herbivory was due to fish consumption, we manually removed any sea urchins found close to experimental specimens.
Feeding preference experiments. The results from the field surveys and the reciprocal in situ feeding experiments led to additional feeding experiments where we measured the relative palatability of 2 Cystoseira spp. In the first bioassay, we assessed the palatability of C. balearica, the main Cystoseira sp. found where herbivorous fish abound. To measure its relative palatability we compared it with another dominant macrophyte found at similar depths, the seagrass Posidonia oceanica (L.) Delile. P. oceanica is an important dietary component of the fish Sarpa salpa (Prado et al. 2007 ) and is the most abundant macrophyte at 5 m depth in our study sites, where it can be found within 0 to 10 m from C. balearica. Since C. balearica is the only Cystoseira sp. that abounds in habitats with high densities of S. salpa, we predicted that it would be less susceptible to being eaten than would the known components of the diet of this fish.
In the second bioassay, we aimed to determine the relative palatability of Cystoseira pustulata, a dominant species in sheltered shores. Of the species found naturally in this habitat, C. pustulata was the most highly consumed species (see 'Results -Reciprocal in situ feeding experiments'). Nevertheless, the overall biomass lost to herbivores was much lower than that lost by Cystoseira species from either exposed or deep habitats placed on shallow habitats. Since fish densities are lower at 5 m in sheltered inlets than at 5 m depth near exposed shores (see 'Results -Field surveys'), we wanted to determine whether the observed overall low consumption values were due to low herbivore pressure or to the unpalatability of C. pustulata. In this second bioassay we offered fish a choice between the sheltered species C. pustulata and the taxonomically related exposed species C. compressa.
In both field experiments, the 2 macrophytes were offered in pairs in sandy patches at least 5 m away from seagrass meadows and rocky reefs, so that we could be sure that the fish were choosing between the 2 target food choices and not other surrounding macrophytes. Experiments were deployed in the morning and collected after 24 h. Replicate pairs were at least 3 m apart from each other. Control replicate pairs (n = 10) were individually protected from herbivores with plastic mesh cages (1 cm mesh size), and we used an equal number of no-herbivore (caged) controls as replicates. In the feeding preference experiment between Cystoseira balearica and Posidonia oceanica, macrophytes were photographed at the beginning and at the end of the experiment, and consumption was measured as changes in area determined using ImageJ image analysis software (available online at rsb.info. nih.gov/ij). In the feeding experiment between C. compressa and C. pustulata, consumption was measured as the change in biomass before and after the experiment. In all experiments, similar initial macrophyte areas or weights were offered to herbivores.
Statistical analyses. Since Sarpa salpa was only observed in shallow habitats (5 m depth, see 'ResultsField surveys'), we compared fish density counts (n = 6) between the shallow habitats contiguous to all other habitat types. Differences in fish densities were assessed with a 2-way nested ANOVA, with contiguous habitat type as a fixed factor and site as a random factor nested within contiguous habitat type.
We used a separate 3-way ANOVA for each reciprocal feeding experiment (exposed, sheltered and deep) to assess the differences in biomass consumed between species and experimental depths at all sites. Site was considered as a random factor and experimental depth and species as fixed factors. Post hoc comparisons were made using Student-Newman-Keuls (SNK) multiple comparison tests when required. ANOVAs were performed using the statistical package GMAV5 (coded by A. J. Underwood and M. G. Chapman, University of Sydney, Australia). Differences in feeding in paired preference assays were analyzed using t-tests as outlined by Peterson & Renaud (1989) . The t-statistic was calculated by comparing the between-food differences in mass per area change of treatment replicates (Choice 1 -Choice 2, with herbivores) to control replicates (Choice 1 -Choice 2, without herbivores). All data were checked for normality and equality of variances by visual inspection of scatterplots and distribution of residuals (Quinn & Keough 2002) . We found some departures from these assumptions that could not be fixed through transformation, but the relatively large number of replicates in our analyses led us to consider ANOVA robust enough to compensate for these departures (Underwood 1997) .
RESULTS

Field surveys
We found 10 Cystoseira species/taxa during the surveys and these are listed in Table 1 , which also includes the taxonomic naming authorities and the abbreviations used throughout the text. The depth distributions of the most abundant species (> 5% total cover) at each depth and habitat are shown in Fig. 3 . Along the transects running from 0 to 5 m in exposed shores, we found 3 species of Cystoseira that were abundant at all sites and were subsequently used in the feeding experiments: C. compressa, C. stricta and C. balearica (Fig. 3A) . In the transects running from 0.2 to 5 m in sheltered shores we found 3 species that were abundant at all sites and were subsequently used in feeding experiments: C. pustulata, C. crinita and C. balearica (Fig. 3B) , as well as one additional species that was abundant at 2 of the sites, C. tenuior (Fig. 3B) . At the deep habitat, overall algal cover was very low (average total algal cover percentage across all sites was 8.69 ± 0.95%). C. spinosa was the only deep species that was abundant at all sites and was subsequently used in reciprocal in situ feeding experiments (Fig. 3C ). In the shallow habitats contiguous to the deep sites, C. balearica was abundant at all sites and was subsequently used in the feeding experiments, but we also found small amounts of C. pustulata at Cap de Cavalleria and Sa Nitja (Fig. 3C) . Sarpa salpa was present only at the shallow sites (5 m depth) adjacent to all other habitat types. No adult fish were observed at 0 m in the wave exposed habitat, 0.2 m in the sheltered shores or 40 m depth in the deep habitats. When we compared fish densities at the shallow sites contiguous to all other habitat types, we found no differences between the shallow sites contiguous to either exposed or deep sites (Fig. 4, Table 2 ), whereas we found significantly lower fish densities at the shallow sites contiguous to sheltered habitats (Fig. 4, Table 2 ; SNK test, p < 0.04 for both comparisons).
Reciprocal in situ feeding experiments
When the most abundant Cystoseira spp. from the exposed (0 m) and deep habitats (40 m) were placed in a shallow habitat at 5 m depth with high Sarpa salpa densities, a significant proportion of algal biomass was rapidly consumed within 24 and 48 h, respectively (Fig. 5A,C) . In contrast, experimental transplant depth had no effect on those Cystoseira spp. from the sheltered habitat, which were similarly consumed at 0.2 and 5 m (Fig. 5B) . The highest consumption values were measured in those Cystoseira spp. that dominated the exposed habitat (C. stricta and C. compressa), which rapidly lost over 70% of their initial biomass when placed in 'destination' shallow sites at 5 m for 24 h ( Fig. 5 ; significant species by experimental depth interaction in Table 3 ; SNK test, p < 0.01 for all comparisons). In contrast, all species placed in their 'origin' experimental depth (5 m for C. balearica and 0 m for C. stricta and C. compressa) lost less than 20% of their initial biomass to consumers (Fig. 5) .
Similarly, placing the deep-water species C. spinosa in a 'destination' shallow habitat with high fish density at 5 m also resulted in consumption of a substantial amount of biomass (Fig 5; significant Species × Depth interaction in Table 3 ). At 5 m depth, C. spinosa lost over 40% of its initial biomass to consumers, significantly more than C. balearica (SNK test, p < 0.05). Differences in consumption varied with site, with both Cavalleria and Sa Nitja sites having higher consumption values than did the Tirant site (SNK test, p < 0.05). These responses were observed after a longer transplant time of 48 h. Table 3 . Reciprocal in situ feeding experiment results from the 3-way ANOVAs assessing differences in biomass loss in each habitat between sites, experimental transplant depths and Cystoseira species. All data were log-transformed prior to analyses. Significant probability values at p < 0.05 are in bold text For those species that inhabit the submerged sheltered habitats (0.2 m), transplantation to shallow habitats at 5 m had no effect on algal consumption (Fig. 5) . Differences in biomass loss varied between species but were independent of experimental transplant depth (Table 3) . C. pustulata lost significantly higher amounts of biomass than C. crinita (SNK test, p < 0.05).
Feeding preference assays
When offered a choice between the seagrass Posidonia oceanica and the alga Cystoseira balearica, Sarpa salpa exhibited a 2-fold preference for the seagrass leaves (average area consumed per specimen ± SE: P. oceanica = 10.74 ± 2.19 cm 2 versus C. balearica = 5.31 ± 1.24 cm 2 ; t = 9.875, df = 18, p < 0.001). When we offered S. salpa a choice between C. compressa and C. pustulata, the fish consumed 3 times more C. compressa biomass than C. pustulata (average biomass [wet wt] consumed per specimen ± SE: C. compressa = 1.14 ± 0.16 g versus C. pustulata = 0.39 ± 0.10 g; t = 5.085, df = 18, p < 0.001). Samples from both experiments were collected after 24 h.
DISCUSSION
Fish herbivory can have a profound influence on benthic community structure in the NW Mediterranean Sea by contributing to the generation and maintenance of the vertical limits of distribution of fucoid forests. We found that Cystoseira spp. that dominate at mean sea level in wave exposed shores and in deep habitats are highly susceptible to being eaten and are, thus, restricted to spatial refuges with locally reduced herbivory (too rough or too deep, respectively). In contrast, Cystoseira spp. that are abundant in habitats available to herbivores are comparatively more resistant to consumers and a less preferred source of food when compared with other macrophytes.
The highest rates of fish herbivory were found in shallow sublittoral rocky bottoms (5 m depth). This is consistent with numerous other studies throughout the NW Mediterranean that show a distinct preference towards shallow waters (<10 m) of Sarpa salpa, the only true herbivorous fish in the area (Bell 1983 , Verlaque 1990 , Dufour et al. 1995 . Since C. balearica is particularly abundant in habitats characterised by high densities of herbivorous fish, we predicted that it would be defended against herbivory by resistance mechanisms. Indeed, we found that C. balearica lost low amounts of biomass in all feeding experiments and was substantially less palatable than the seagrass Posidonia oceanica, which is a dominant macrophyte in adjacent habitats at the same depth. In contrast, we predicted that algae that are found exclusively in habitats where herbivorous fish are scant would be highly susceptible to being eaten. We found that transplants from exposed habitats at mean sea level and from deep waters supported this prediction, and were rapidly consumed when placed in contact with herbivorous Sarpa salpa. Species from sheltered habitats, however, lost similar small amounts of biomass to consumers at 0.2 and 5 m. These results show that, despite the fact that no fish were counted at 0.2 m depth during our surveys, fish did access this habitat at both depths. Overall levels of consumption in sheltered shores were nevertheless low, and this may be partly explained by the lower fish densities found in this habitat. This is in agreement with other studies showing that in temperate systems herbivorous fish are most abundant in turbulent shallow waters (0 to 6 m), as opposed to calm sheltered inlets (Meekan & Choat 1997) . However, ) ± SE for all species at each depth since some fish did access the sheltered habitats, the low consumption values probably also reflect the relative unpalatability of these macrophytes, which was demonstrated by a feeding preference experiment where fish consumed 3 times more biomass of C. compressa (which thrives in exposed places) than of C. pustulata (which appears in sheltered zones).
This difference in susceptibility to herbivory between Cystoseira spp. thriving in exposed versus sheltered environments may be partly due to the adoption of contrasting growth strategies of these algae. Many studies have documented that macrophytes with high growth rates are less defended against herbivory than slow growing species (reviewed by Cebrian & Duarte 1994) . This is explained by the fact that losses to consumers of slow growing species constitute a much larger proportion of the net growth of a plant or alga and take longer to replace, which results in a stronger selective pressure for the evolution of grazer deterrents. In the oligotrophic waters of the Mediterranean Sea, nutrient availability (i.e. nutrient concentration × hydrodynamism) is the key limiting factor for production in shallow habitats, whilst light limits growth in deeper habitats (Ballesteros 1989) . The high hydrodynamism in the Cystoseira forests of exposed shores allows species thriving in these environments to maintain a high nutrient uptake enhanced by turbulence, which results in high production values (Ballesteros 1989) . In contrast, the growth of seaweeds in wave sheltered calm waters is more limited by nutrients because the low rate of water renewal results in rapid nutrient depletion in the boundary layer during intense photosynthesis (Gerard 1982) . Additionally, herbivores are likely to exert a stronger pressure on sheltered algal communities because these habitats are slightly deeper and always available, whereas Cystoseira spp. that inhabit wave exposed habitats are only available to fish during unpredictable calm periods when turbulence does not hinder feeding.
In our study, the lowest overall levels of herbivory were found in the circalittoral zone (40 m), and when we placed the deep water species Cystoseira spinosa in shallow habitats with high fish densities we observed substantial losses to herbivory within 48 h. Nevertheless, deep water species were comparatively less palatable than the highly productive species found at 0 m in wave exposed shores, as the biomass of C. spinosa consumed per day was much lower than that of either C. compressa or C. stricta (Fig. 5) . Again, this is consistent with differences in the relative growth rate of Cystoseira spp. from the distinct habitats, since deep water species grow substantially slower than algae at 0 m due to a decrease in light availability (Ballesteros 1989) . Indeed, the degree to which a habitat serves as a spatial refuge from herbivory depends on whether the rate of algal growth exceeds the rates of consumption, and deeper areas can only serve as spatial escapes when grazing along a bathymetric gradient decreases faster than the decrease in algal production due to diminishing light (Hay 1991) .
Identifying the mechanisms of resistance that underlie the observed differences in palatability among Cystoseira spp. is beyond the scope of this study, as there are multiple structural, chemical and/or nutritional mechanisms that may be at play. Nevertheless, it is worth noting that the genus Cystoseira is characterised by a high diversity of secondary metabolites (Amico 1995) , some of which may have deterrent properties. Indeed, some of the species (C. balearica and C. crinita) that were consumed less than others in our study are known to produce terpenoid metabolites, which are absent from highly palatable species such as C. compressa and C. stricta (Amico 1995) . Additionally, besides differences among species in constitutive chemical defences (i.e. metabolites that function independently of damage), there may also be important differences within each species in induced chemical defences (i.e. metabolites that are produced in response to herbivore attack).
In the only other study that has examined the vertical distribution pattern of Cystoseira forests in the Mediterranean Sea, Sant (2003) examined the photosynthetic characteristics of multiple Cystoseira spp. distributed along a bathymetric gradient. She found that while the lower limit of distribution of shallow water species may be influenced by a decrease in their photosynthetic capacity in low-light environments, the upper limit of distribution of these macrophytes is not determined by light availability. Our results provide powerful evidence that herbivory may strongly contribute to setting the lower limit of distribution of those shallow species that inhabit wave exposed habitats at mean sea level and the upper distributional limit of deep species, but not of those species present in calm shallow waters. Nevertheless, other mechanisms such as recruitment inhibition or competition may also play an important role in structuring the distribution of these macroalgae, as has been shown in other fucoid communities (Dayton et al. 1992 , McCook 1997 . Our results are consistent with other studies that show biotic variables determining the lower distributional limits of many subtidal algae (Witman 1987 , Morrison 1988 , Dayton et al. 1992 , Scheibling et al. 1999 ) and the upper distributional limits of some other macrophytes (de Ruyter van Steveninck & Breeman 1987) .
Overall, our findings challenge the widely accepted view that fish herbivory has only a modest effect on structuring algal assemblages in temperate waters. While herbivorous fish are considered to have a key influence in marine tropical waters, urchins are consid-ered the dominant herbivores in temperate shores (Gaines & Lubchenco 1982) . This contrasting role of herbivorous fish in structuring benthic communities is often attributed to important latitudinal differences in their taxonomic diversity, as the proportion of herbivorous species decreases radically from tropical to temperate waters (Horn 1989 , Floeter et al. 2005 . However, herbivorous fish that make a small proportion of the overall number of fish species in temperate systems can make up a substantial proportion of the total fish biomass (Jones 1988, F. Tomas unpubl.) . The NW Mediterranean Sea provides a particularly dramatic example of this pattern, since there is only one strictly herbivorous fish species, Sarpa salpa, but it can make up over 50% of the total fish biomass in some habitats within unexploited marine protected areas (Macpherson et al. 2002) . Furthermore, recent studies show that the effect of S. salpa on benthic macrophytes is particularly large, as this fish can consume over 40% of the annual above ground primary production of shallow seagrass beds (Prado et al. 2007 ). Our findings experimentally confirm those of Verlaque (1990) and Sala (1996) , who examined the gut contents of S. salpa and concluded that this species is a very selective fish that may strongly influence the composition and distribution of Mediterranean algal communities. This study, thus, reinforces the role of S. salpa as a key primary consumer and highlights the need to reassess the functional importance of herbivorous fishes in temperate systems. 
